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ABSTRACT : PURPOSE: To improve the gas exhausting performance of a molecular pump, by 

increasing the compression ratio by forming, in a casing, a jacket through which a cooling 
medium is passed, and thereby cooling stator blades of the pump. 

CONSTITUTION; Rotor blades 1 are fixed to a rotor 2 which is turned by a motor 6 by the 
intermediary of a motor shaft 5, while stator blades 3 are fixed to an inner casing 1 1 
formed within a casing 4. Further, a jacket 15 for passing a cooling medium therethrough 
is formed around the inner casing 11 , so as to cool the inner casing 1 1 and stator blades 
3. With such an arrangement, the blade speed ratio is increased as the temperature is 
lowered, so that the compression ratio of the gas to be exhausted at an inlet port A and at 
a discharge port B is increased. Therefore, it is enabled to improve the performance for 
exhausting hydrogen gas and steam difficult to exhaust, in particular, under high vacuum 
and to improve the gas exhausting performance of the pump in general by preventing 
diffusion of bearing oil caused by evaporation of the same. 
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1. Title cf ths Invention 

Molecular pi:n\p ' 

A molecular pump v/hich is a molecular puT.p alternataly 
IJH^H .;J.arrang9d with moving blades and stationary blades -or 

i^ttl^'^^^''^^''^^''^ ^-'""^^ -iia blades, said molecular pump bsiftg 
l^^gpyattached with a jacket for flcving a cooling agel^t to a casing 

groups of the blades and the staticnary blades 

K8Si'^~^ '''"'"^'^ ^- -^^''^"^ ceding agent in trie jackat via the 
|^^jp|;;:e4sing to thereby promote discharge performance. 
U||gg3. Detailed Descriptiot: of the Invention 

tSiSP?' present invention relates to a turbo type molecular 

U|g^|pump for providing ultra-high vacuum. 

tVSSS:- explanation will be given of a conventicnal 

|^g||;axial-flcw type molecular cump in. reference to Fig. i. 
?fM$:ife;':: "^^ drawing, numeral X designates moving blades 

BiRl:^^''"^^^^'^ ^° ^ rotor 2, numeral 3 designates stationary blades 
ggm^^rranged among ths moving blades 1 and implanted to a casing 
3 Blltt ^^'^ ^ connected tc a drive motor 5 via ^ motor 

'^^^ ^'='tor shaft 5 is supported by bearings 7 and 8 . 
■;-|2iy^°^''^^^^ " designa-as an intake port on a front side of vhich 

■ t:X%-^^ apparatus to be discharged is connec-ced to a flange 4a. 
fv^^;^^^^-''^ 3 designates a -delivery pert where gas is discharged'. 

■ iC?^*^^^-'-'^ designates a mesh filter attached zo the intake port 



A and numeral 10 designates a power feed connector of the driv€i 
motor 6. ■ ' 

The conventional molecular pomp is constituted a5 
described above and Wh^'n. the rotor 4 is rotated at high apeec. 
in an atmosphere of ^^^^j^^^ flow level, by an interactive 

action of the moving blades 1 and the stationary blades 3, ga5 
is compressed and pres^^ at the intake port A becomes 
significantly 3mali^jr,^;than pressure at the delivery port B 
Now, assuming that rerriit'x^^ gas is air at normal temperature 
in a molecular f low leve;J|ahd^w^ rotated at a peripheral speed, 
of about 300 t^/s / a c9%>i^ss±ori ratio of 3 through 5 per stage 
comprising the movlri^^^^ and the stationary blade is 

provided and accordingly; when constituted in multiple stages 
as illustrated, a cpmpression ratio of 10^ or more can easily 
be provided. Therefor^ the side of the delivery port 

B is brought into vacuum to about intermediary vacuum by 
an oil rotary pump o£:^^ on the side of the intake port 

A, ultra-high vacuum.Jof ^10"^ Torr can easily be provided. 

However, wheh^Tthe degree of vacuum is intended to 
further increase in ian/ ultra-high vacuum region, there are 
provided discharge gases a wall face of a vessel and even 

when the vessel is made of stainless steel material or aluminurr 
material^ as a content of discharge gas, hydrogen shares a large 
rate . ; 

Meanwhile, according to a turbo-molecular pump, in view 



■a 



of its principle, with, regard to a gas having a small molecula : 
weight, the compression ratio is significantly reduced. 

As a parameter indicating the compression ratio of tho 
turbo-molecular pump, there is a blade speed ratio C 3how|» 
below. 

C = V / a (1) 

Notation V designates a peripheral speed and notation 
"a" designates a maximum probability speed of molecule 
Further, "a" is a function of gas constant R, absolute 
temperature T and molecular weight M and is expressed as iu 
the following equation. 

a = V2RT/M (2) 

"a" is inversely proportional to 1/2 power of ths: 
molecular weight M and accordingly, the smaller the molecular 
weight M of gas the larger the "a". At normal temperature, 
the maximum probability speed "a" is about 410 m/s in the case: 
of air and 1560 m/s in the case of hydrogen. The upper limits 
of the peripheral speed V is restricted to about 400 througr, 
450 m/s from restriction of material strength of a rotatinc 
member such as a moving blade or the like. Therefore, it is 
easy to make the blade speed ratio with regard to nitrogen tc 
about 1 , however, the blade speed ratio with regard to hydrogen , 
is obliged to be 0.3 or smaller. Therefore, according to the 
conventional turbo-molecular pump, although the compression 



ratio of 10* or higher can be provided to air having nitrogen 
as its major component, with regard to hydrogen, th«i 
compression ratio of At least about 10^ through 10^ can bes 
provided- MeAnwhiie, in an ultra-high vacuum region exceeding 
10"^°, as described above ^ a rate of discharge g^a fron the wal] 
face shared by hydrogen is increased and therefore, there is 
a difficulty that the compression ratio with. regard to hydrogert 
cannot be made high. From such a reason, the degree of vacuum 
provided by the turbo-molecular pump is at least about 10"^^' 
Torr and it is regarded that so-to-speak ultra-high vacuum 
region of 10'-^ or higher cannot be provided. 

It is an object of the invention to provide c 
turbo^moleculai: pump increasing the compression ratio wit): 
regard to gas having a small molecular weight such as hydroger 
or helium. 

A characteristic of the invention resides in that a 
jacket for flowing a cooling agent such as liquid nitrogen or 
liquid helium is attached to a casing surrounding groups of 
blades constituted by alternately arranging moving blades and 
stationary blades and the groups of blades are cooled by the 
cooling agent in the jacket via the casing to thereby increase 
a compression ratio with regard to particularly light gas such 
as hydrogen. 

An explanation will be given of an embodiment of the 
invention in reference to Fig. 2 as follows. 



In the drawing, portions the same as those in Fig, 1 
are attached with the same notations and an explanation thereof 
will be omitted . The moving blades 1 are implanted to the rotoi 
2 and among the moving blades 1, the stationary blades 3 arts 
fixed to an inner casing 11 arranged on an inner side of th^ 
casing 4, The inner casing is movably supported an the casinc 
through support flanges 12, 13, and the inner casing 11 i£ 
always pressed downwards by a pressing spring 14. A jacket 
15 for flowing a cooling agent of liquid nitrogen^ liquid heliun. 
or the like is provided at an outer surrounding of the innei 
casing 11 . The jacket 15 is attached with an introducing pipe 
15 for delivering the cooling agent from a cooling agent supply 
source . 

Next, in operating the pump, firstly, the operation is 
started in a state in which the cooling agent is not flowed 
to the jacket 15. The operation is the same as that in the 
conventional molecular pump shown in Fig. 1. That is, when 
the moving blades 1 are rotated at high speed, with regard to 
gas^ the pressure at the intake port A becomes significantly 
smaller than pressure at the delivery port B by interactive 
action of the moving blades 1 and the stationary blades 3 . As 
remaining gas at the intake port A, normally, vapor, hydrogen 
or the like becomes dominant. When such a state is produced, 
according to the invention, the cooling agent, for example, 
liquid nitrogen is flowed to the jacket 15. Thereby, 



temperature of the inner casing 11 and th& stationary bladeii 
3 is lowered to temperature of liquid nitrogen. rh6 movincr 
blade 1 portion is separated from the stationary blades 3 via 
a vacuum region and therefore, insulation performance i^i 
maintained and the portion undergoes almost no influence oi' 
cooling of the stationary blades. Therefore, temperature oi: 



if^^ifv^^^^^^^ the moving blades remains unchanged 



Gas molecules flown into the pump firstly collide with 
the stationary blade disposed at front side and the moleculai' 
speed is lowered . After flowing out from the stationary blade , 
^^&&W^i''- When the gas molecules collide with the moving blade, 
g^^gV temperature is elevated, however, the gas molecules collide 
again with the stationary blade and are cooled. In this way, 
9^5 molecules passing through the groups of blades undergc' 
cooling and heating alternately and repeatedly and on ar. 
IW'i^--' average, temperature thereof is significantly lowered ir. 
Ijgloftv^; ' comparison with normal temperature. The relationship betweer 
temperature and maximum probability speed is as shown b^ 
Equation (2) . 



The blade speed ratio C at temperature T and maximum 
probability speed "a" in the case of hydrogen is as follows. 
Incidentally, the peripheral speed V is set to 300 m/s. 

T(°C)a(m/s> C(V/a) 

300 1580 0,19 

150 1116 0.27 



1 
1 




100 911 0.33 

When the blade speed ratio C is increased from 0.19 tc^ 
0.27, both the compression ratio and exhaust speed ar^i 
increased by about 30 through 40 %. Further, when the blad€: 
speed ratio C is increased to 0.33, both the compression ratic* 
and the discharge speed are increased by 60 through 60 % . Wher, 
a number of stages is set to 15 stages^ in comp&rison with thci 
case of the blade speed ratio C of 0.19, in the case of the 
blade speed ratio C of 0 . 27 , the compression ratio is increasec, 
by about 10^ and in the case in which the blade speed ratic 
C is 0.33, the compression ratio is increased by about 3 x 10'*. 
In this way, by cooling the stationary blades by liquid nitrogen, 
the compression ratio with regard to hydrogen can be increasec 
at least by a multiplication factor of 100 or more . Therefore , 
discharge performance in an ultra-high vacuum region in which 
hydrogen is increased in remaining gas, is significantly 
improved and after introducing the cooling agent to the jacket 
15, the degree of vacuum can be increased up to a region neai 
to the ultra-high vacuum without requiring very long tine 
period. Further, the jacket 15 is contained in the casing 4 
and the space is connected to the delivery side space of the 
pump via a communication hole 17. Therefore, the space is 
vacuumed in operation and therefore, the space is insulated 
from outside. Further, although according to the above- 
described embodiment, there is shown the case of the axial-flow 



txirbo molecular pump, also in the case of a molecular pump of 
a centrifugal type or a spiral groove type, by cooling 
stationary blades, similar effect can be achieved. 

As has been explained above , according to the invention , 
the following effects can be achieved. 

(1) The compression ratio can significantly be increased with 
regard to all of gases, particularly, the compression ratic 
with regard to hydrogen is increased and therefore, exhaust 
performance in the ultra-high vacuum region is conslderabl^y 
improved and the degree of vacuum which can be reached can be 
increased. 

(2) With regard to vapor, there is achieved an effect similar 
to that in using a cold trap of a cooling agent and accordingly, 
there is provided discharge operation with regard to vapor ever 
in eliminating operation of the turbo-molecular pump. 

(3) When the operation of the turbo-molecular pump is stopped, 
by introducing the cooling agent to the jacket, the role of 
the cold trap is invariably achieved and accordingly, vapor 
of bearing oil can be prevented from being diffused to the high 
vacuum side. Therefore, there is not contamination with 
regard to the vacuum ve3sel even in stopping the pump and the 
completely clean vacuum pump can be provided. 
4, Brief Description of the Drawings 

Fig. 1 is a vertical sectional view of a conventional 
turbo molecular pump and Fig. 2 is a vertical sectional view 
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of a moleQular pump according to the invention. 






